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We evaluate the electronic, geometric and energetic properties of quasi 1-D wires formed by dan-
gling bonds on Si(100)-H (2 × 1). The calculations are performed with density functional theory
(DFT). Infinite wires are found to be insulating and Peierls distorted, however finite wires develop
localized electronic states that can be of great use for molecular-based devices. The ground state
solution of finite wires does not correspond to a geometrical distortion but rather to an antiferro-
magnetic ordering. For the stability of wires, the presence of abundant H atoms in nearby Si atoms
can be a problem. We have evaluated the energy barriers for intradimer and intrarow diffusion
finding all of them about 1 eV or larger, even in the case where a H impurity is already sitting on
the wire. These results are encouraging for using dangling-bond wires in future devices.
PACS numbers: 73.20.-r,75.70.-i,73.63.Nm,71.15.Nc
I. INTRODUCTION
The study and application of molecular devices entail
the creation of atomic structures both for the active part
of the device as well as for the interface with other de-
vices and the macroscopic scale.1 To this aim, the cre-
ation of dangling-bond wires is of particular relevance.
Using the scanning tunneling microscope (STM) sev-
eral groups have achieved the formation of atomic wires
on different semiconductor surfaces,2–4 among which Si
(100) has received much attention3,4 for its properties
and its technological use. Using a completely hydrogen-
passivated Si (100) surface, controlled hydrogen desorp-
tion can be achieved with an STM tip.3,4 In this way,
atomic-size wires of Si atoms can be created where their
properties are very different from the surrounding passi-
vated Si atoms because they have an open-shell configu-
ration. These dangling-bonds originate electronic quasi
1-D structures.
The existence of extended structures of aligned dan-
gling bonds has also led to an intense theoretical
activity.5–13 The interest for these systems stems from
their pristine conditions that allow a complete theoret-
ical study together with the unique physical properties
that can be studied. It is well-known that a chain of
dangling bonds leads to extended electronic states that
give rise to a partially-filled 1-D band. Its 1-D character
makes it prone to strong correlations and instabilities.
Virtually, any perturbation will destroy the metallicity
of the state opening an electronic band gap at the Fermi
level. If the perturbation is due to the electron-vibration
coupling, a Peierls distortion14 will set in, and will have
visible consequences in the arrangement of atoms. How-
ever, electron-electron correlations are also present, pos-
sibly leading to a Luttinger liquid phase, and to mag-
netic correlations. This fundamental interest is enhanced
by the practical consequences of the formation of these
dangling-bond wires. In principle, transport of electrons
on an otherwise insulating surface might be possible.
Structural experimental data have been obtained for
finite wires.3,4,15 The visualization of deformed struc-
tures with the STM3,15 seems to indicate the existence of
strong electron-vibration couplings and the appearance
of a Jahn-Teller effect (the counter-part of the extended-
system Peierls effect). If an extra charge is included
to account for transport, the injected electron propa-
gates with the wire deformation leading to small po-
laron transport.8,10 Moreover, solitons have also been
predicted as due to the displacement of the domain
wall between adjacent domains of distorted atoms.10 Re-
cently, solitons have also been revealed in more extended
atomic structures on Si (100).15 Density functional the-
ory (DFT) calculations seem to indicate that finite sys-
tems are not subjected to large electron-vibration effects
because antiferromagnetic ordering counterbalances the
atomic distortions.9,11
In the present article, we perform DFT calculations
to explore the stability of these dangling-bond wires on
Si (100) with the aim of establishing their possible use
in future atomic scale devices. First, we explore infinite
wires allowing them to find the total energy minima as
the unit-cell periodicity is changed (to allow for different
reconstructions) and including spin polarization. We find
that in all these cases gaps develop destroying the metal-
licity of the ideal dangling-bond wire in good agreement
with previously reported studies.7,13 An extra source of
electronic localization is the attachment of atomic impu-
rities at the chemically active dangling-bonds. In partic-
ular, the abundant quantities of H-atoms on the surface,
can lead to diffusion and to the passivation of the wire.
To assess the stability of the wire, we evaluate the reac-
tion pathway to displace one H atom onto the wire. We
repeat the same study for finite wires and study their
properties with system size, including the H-atom diffu-
sion study. Our calculations show some discrepancy on
the behavior with system size of previous calculations,11
hence we have completed our calculations with a thor-
ough comparison with two different DFT implementa-
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2tions, and with different pseudopontential schemes. Our
results indicate that the antiferromagnetic ground state
will prevail over the Jahn-Teller distorted one. However,
it is difficult to conclude on the actual electronic con-
ductance of these systems6,16 without a careful electron
transport calculation.16 A summary and conclusions sec-
tion finalizes the article.
II. THEORETICAL METHOD
Ab initio calculations were performed within the
density-functional theory (DFT) framework as imple-
mented in the VASP code.17 The PBE form general-
ized gradient approximation was used for the exchange
and correlation functional.18 Wave functions were ex-
panded using a plane-wave basis set with a cutoff energy
of 300 eV. Core electrons were treated within the pro-
jector augmented wave method.19,20 The surfaces were
modeled using a slab geometry with eight silicon layers
in the unit cell. Eight silicon layers give a good compro-
mise between computational burden and electronic ac-
curacy. Indeed, while the total energy of the different
structures is largely converged with eight silicon layers,
the band structure, and in particular the bulk gap is only
attained at twelve layers. The bottom surface was pas-
sivated using two hydrogen atoms per silicon one. Dif-
ferent unit cells were used for each calculation, as indi-
cated in next sections. The k-point sample was varied
accordingly to the unit cell, and tests were performed to
assure its convergence. The geometries were optimized
until the forces were smaller than 0.01 eV/A˚. In order
to check the consistency of the results, some calculations
have been repeated with the Siesta implementation of
DFT,21,22 using Troullier-Martins pseudopotentials,23 a
double-ζ polarized basis set to expand the valence wave-
functions,24 and an energy cutoff of 200 Ry to set the
real space mesh size.
III. INFINITE DANGLING-BOND WIRE
We start the discussion with the analysis of the re-
sults for an infinite dangling-bond (DB) wire. As shown
in Fig. 1a, the completely hydrogenated Si(100) forms a
(2×1) reconstruction by the creation of dimer rows along
the y:[110] direction. A DB-wire can be constructed
along two perpendicular directions, as we remove a line
of hydrogens along the dimer rows direction (y), or per-
pendicular to it (x:[1-10]) (Figs. 1b and c, respectively).
To study the DB-wire along the x-direction, we use the
(2×4) unit cell shown in Fig. 1c. The band structure of
the system is shown in Fig. 2a. With dots we show the
bands with weight from the DB silicons. We can observe
that two bands appear in the bulk energy gap, and they
mainly come from the DB-silicons. The gap is reduced
with respect to the completely passivated surface, but we
still obtain 0.66 eV for the direct band gap, and 0.50 eV
x:[110]
(a)
y:
[1
10
]
x:[1-10]
y:
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]
0.14 Å 0.78 Å
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FIG. 1: (Color online) Cartoons of the completely hydro-
genated Si(100)(2x1) surface (a), and DB-wires in y:[110] (b)
and x:[1-10] (c) directions are shown. In (d) we show the
Peierls-like distortion of the DB-wire in the y-direction when
using a (4×2) unit cell. Cyan balls represent hydrogen atoms,
while silicon atoms are represented by red (surface dimers),
blue (Si with dangling-bonds), and yellow (all the rest) balls.
for the indirect one. In order to study the wire along the
y-direction, we start by using a (4×1) unit cell (Fig. 1b).
In this case the situation qualitatively changes, and we
observe a double degenerate metallic band crossing the
Fermi energy, coming from the DB-silicons (Fig. 2b). The
peculiar shape of the dispersion curve of this metallic
band can be explained by analyzing the competition be-
tween pz and s electronic coupling considering the top
surface and the sub surface Si atoms with a negligible
through space direct electronic coupling between the Si
top atoms.12,16
However, the stabilization of the metallic band is only
achieved by the constriction imposed by the (4×1) unit
cell, in which all the atoms belonging to the DB-wire are
equivalent. This ideal case can be destabilized by several
mechanisms, like spin polarization or the formation of
a charge density wave along the wire direction, which
could give rise to a Peierls-like situation,8,11 To check
these possibilities we have doubled our unit cell in the
y-direction to obtain a (4×2) cell in which we have two
inequivalent DB-silicon atoms.
First, we have calculated the frequencies of the sys-
tem to check its stability, finding an imaginary frequency
which reveals that the system is in a saddle point. In the
mode corresponding to this frequency one of the atoms
in the DB-wire goes upwards, while the other goes down-
wards. If we relax the new unit cell considering this
possibility, we actually find a more stable geometry in
which the two atoms in the new distorted wire are sepa-
3(a) (b)
(c) (d)
FIG. 2: (Color online) Electronic bandstructures of several DB-wires: (a) wire in the x-direction; (b) wire in the y-direction
using the (4×1) unit cell (ideal case); wire in the y-direction using the (4×2) unit cell in the NM distorted (c) and AFM (d)
situations.
rated by 0.78 A˚ in the vertical direction (Fig. 1d). This
new configuration is more stable than the ideal one by
56 meV/DB. The new bandstructure of the system can
be seen in Fig. 2c. The metallic band of the ideal DB-
wire is now split into two bands, opening a direct (indi-
rect) band gap of 0.40 eV (0.36 eV). The new occupied
band comes mainly from the DB-silicon in the upper po-
sition, which is stabilized by losing 0.11 electrons, while
the unoccupied band states are mainly coming from the
Si atom in the down position, which receives 0.17 e−. Be-
sides the zig-zag distortion of the atoms in the DB-wire,
the underneath Si atoms undergo a slight dimerization
(Fig. 1d). We have not found any more complicated con-
figuration which could exist when increasing the unit cell
size. Actually, the distorted solution resembles the dimer
buckling which appears in the non-hydrogenated Si(100)
surface, and therefore we believe it is the most stable con-
figuration that can be found by geometrical relaxation of
the system.
A. Magnetic ground state
Another possibility to destabilize the ideal DB-wire is
to have a spin-polarization of the system. We have used
the (4×2) unit cell, considering ferromagnetic (FM) and
antiferromagnetic (AFM) couplings between the atoms
in the DB wire. The FM case is less stable than the ideal
DB-wire by 27 meV/DB, but the AFM one is more sta-
ble by 41 meV/DB. Each Si atom in the DB-wire has a
magnetic moment of 0.50µB , and couples antiferromag-
neticaly to its neighbors in the wire. In Fig. 2d we show
the band structure of the system. It is similar to the dis-
torted case (Fig. 2c), with a direct (indirect) band gap
of 0.55 eV (0.50 eV). In this case the occupied band has
contributions from the majority spin of one silicon atom
4TABLE I: Calculated height difference ∆up−dw(A˚) between up and down atoms in the distorted DB wire, direct and indirect
band gap energy Eg (eV), and energy gain ∆E (meV/DB) with respect to the ideal NM DB wire. Several previous results are
included.
∆dup−dw(A˚) Eg(direct)(eV) Eg(indirect)(eV) ∆E(meV/DB)
NM distorted (Watanabe et al) a 0.16 0.126 0.025 7
(Hitosugi et al) b 0.50 47
(Bowler et al) c 0.67 105
(Cho et al) d 0.74 0.68 0.36 43
(Lee et al) e 0.78 0.39 49
VASP 0.78 0.40 0.36 56
Siesta 0.81 0.45 0.44 61
AFM (Lee et al) e 0.00 0.63 57
VASP 0.00 0.55 0.50 41
Siesta 0.00 0.63 0.60 56
aRef. 5.
bRef. 3.
cRef. 8.
dRef. 7.
eRef. 11.
in the DB-wire, and the minority of the adjacent, while in
the unoccupied band we find the minority spin of the first
atom, and the majority of the second. It is interesting
to note that both mechanisms of wire destabilization are
not compatible. The relaxed geometry of the AFM wire
is essentially identical to the ideal case in a (4×1) unit
cell. Inducing a zig-zag distortion within the wire pro-
gressively decreases the magnetic moment of the atoms,
until it completely disappears with a vertical separation
of the atoms of 0.50 A˚. A spin polarization solution can
not be stabilized with the relaxed distorted geometry.
The results presented so far have been obtain by us-
ing the VASP code. They have also repeated the cal-
culations with the Siesta implementation of DFT, ob-
taining the same qualitative results. The quantitative
data are presented in Table I. Our results confirm pre-
vious experimental and theoretical data. Watanabe et
al5 predicted the Peierls instability in this system. Hi-
tosugi et al3 experimentally constructed finite DB-wires,
and observed a lattice distortion which was described by
a Jahn-Teller mechanism. Other theoretical groups have
also performed calculations on the system. All the previ-
ous results, together with ours, are presented in Tab. I.
In all cases the most stable configuration has a band
gap, which size depends on the details of the calculation.
In ours (VASP and Siesta), the distorted case is more
stable than the AFM solution by 15 and 5 meV/DB,
respectively, while Lee et al11 find the opposite, with
the AFM configuration being more stable by 8 meV/DB.
The small energy difference between the solutions of the
order of meV reveals that both are competing and, in
practice, other effects like temperature would determine
which case could be experimentally observed. To analyze
the nature of this competition, Lee and Cho13 have stud-
ied the DB-wires in C and Ge, and they have compared
them to the Si case. They have shown that the on-site
electron-electron interactions, modelized by a Hubbard-
U term, are the origin of the AFM coupling, and their
strength decreases as we go down in the periodic table
from C to Ge. The smaller atoms have the larger U . This
effect has also been reported in the magnetization of SiC
surfaces when an impurity is adsorbed on a DB, showing
different behavior on whether the impurity adsorbs on a
C atom or a Si one due to the larger U of the C atom.25
The distorted NM case is due to the electron-lattice
coupling, which increases following the same sequence.
Thus, while for C the AFM case is clearly the most stable,
for Ge the distorted configuration is lower in energy. Si
is in an intermediate case where a competition between
both situations is observed.
B. Mechanisms driving the instabilities
The instabilities found for the 1-D DB wire have the
common underlying principle that the electronic energy
of the system is greatly reduced if a gap opens in the
ideal metallic DB wire. This gap opening is driven either
by the geometrical distortion of the wire also known as
Peierls instability14 or by the spin polarization of the
electronic states.26
In the Peierls instability, the geometrical distortion in-
creases the system’s energy, but the gain in electronic en-
ergy overcompensates the ionic energy loss. This can be
estimated by separating the global energy gain ∆EPeierls
in an electronic, ∆Eelec and an ionic. ∆Eion components.
The first component can be expressed by the difference
between the electronic energy of the distorted and ideal
systems. This energy is given by the sum over all occu-
5pied electronic states, hence
∆Eelec =
∫
occ
E(DOSPeierls(E)−DOSideal(E))dE,
(1)
whereDOS refers to the electronic density of states. This
quantity is easily evaluated and gives ∆Eelec ≈ −0.4 eV.
From Table I we know that the global energy gain
∆EPeierls for two DB is ≈ −0.12 eV. Then, the energy
used to distort two DB in the wire is then ∆Eion ≈ 0.28
eV.
Similarly, spin polarization is favorable only in certain
situations.26 Typically, the gain produced by the opening
of the gap has to overcome the tendency to pair spins
in electronic states. A Stoner-like criterion26 for local
electronic states shows that spin polarization is energet-
ically possible if the intra-atomic Coulomb repulsion, U ,
is larger that the energy spread of electronic states at
the Fermi energy. This energy spread is basically the in-
verse of the DOS at the Fermi energy, EF . Hence, spin
polarization becomes energetically favorable when
U ×DOS(EF )  1. (2)
Hence, the larger U is the more likely it is to find an AFM
ground state for the DB wire. This has been shown to
be the case for C(100) DB wires.13 Diamond surfaces are
actually prone to developing AFM groundstates27 due to
the large valuer of U and the quasi 1-D arrangement of
atoms on certain surfaces. Indeed, in Ref. 13 the com-
puted values of U are 3.45 eV for C DB wires, while
only 1.71 eV for the Si ones. Taking DOS(EF ) ≈ 1.4
eV−1, from the metallic band of the ideal wire, we ob-
tain U ×DOS(EF ) ≈ 2.4. Despite being larger than 1,
this value is not very big, showing the minor tendency of
the Si DB wires to become spin polarized. This argument
is closely related to the fact that the energy of the AFM
solution is slightly larger than the Peierls one, Tab. I.
The AFM solution is driven by superexchange due to
the second layer Si atoms, ruling out ferromagnetic so-
lutions for the ground state of the DB wire. It is easy
to visualize the superexchange mechanism in these wires
since the second layer has negligible spin polarization and
it is covalently bound to the spin polarized DB orbitals.
Hence, spins pair between the DB and the second-layer
atom, while the second-layer atom is shared between to
neighboring DB that forcedly have opposite spins to keep
the second-layer atom unpolarized. See the scheme of
Fig. 3.
C. Stability of the wire vs. hydrogen diffusion
A crucial aspect to study before considering DB-wires
for any technological application is the chemical stabil-
ity of the system. One of the mechanisms which could
destabilize the DB-wires is the surface diffusion of hy-
drogen atoms, which by bonding with a silicon DB along
the wire would eliminate one DB, modifying the wire
DB
Si second layer
FIG. 3: Scheme for the superexchange mechanism leading to
the anti-ferromagnetic (AFM) ground state of the DB wire.
The second-layer atoms are not polarized. The covalent bond
with the DB atoms is represented by a dashed line. The spin
pairing in these covalent bonds force the AFM ordering of the
DB spins.
electronic transport properties.12 The new H atom could
come from several sources. Let us first consider how the
diffusion of hydrogen from the adjacent Si in the dimer
would affect the stability of the wire in the y-direction.
To perform the study we have used a (4× 8) unit cell,
with enough atoms in the DB-wire to consider the H
impurity as isolated along the wire’s direction. First,
we have calculated the energy difference of having one
H moving to the DB-wire from the closest position, as
shown in panel (c) of Fig. 4. The final relaxed energy is
0.18 eV higher in energy than the pristine wire with all H
aligned on one side of the row and the other side forming
the DB wire. Creating one H vacancy by displacing it
to the DB wire is not energetically favorable. We have
also calculated the energy barrier of the process using
the nudge elastic band (NEB) method.28 The predicted
reaction path is shown in the left part of Fig. 4. The
transition state is shown in Fig. 4 (b), and it corresponds
to a large barrier of 1.47 eV. Therefore, in principle the
DB-wire would be stable vs. this kind of processes.
Our theoretical barrier of 1.47 eV is in excellent agree-
ment with the measured value of 1.46 eV.29 However, the
experimental situation does not correspond to the same
situation computed here. Here, we are interested in the
intradimer diffusion when an infinite DB wire is form. In
the experiment, they rather have a two-DB wire (formed
by the desorption of a H2 molecule after a laser pulse) and
have intradimer diffusion. This situation corresponds to
the one of finite wires that we will see in Section IV A.
In the case that a hydrogen atom has already jumped
to the DB-wire, we may ask which would be the prob-
ability for a second H to jump, as shown in Fig. 4 (d).
This final configuration is 0.01 eV lower in energy than
the previous one, and the energy barrier is also lowered
to 0.94 eV, as shown in the right part of Fig. 4. Hence
after the first hydrogen has jumped, it is easier for a sec-
ond hydrogen to do the same, than for the first one to
jump back. However, the lowest total energy is found in
the later situation showing that the pristine wire is more
stable.
Alternatively, after the first hydrogen jumps it could
diffuse along the wire, jumping to the next DB. Our
calculations yield that this intrarow diffusion would de-
crease the final total energy in 0.23 eV. After the pris-
tine wire, the lower-energy state corresponds then to an
6(a)
(b)
(c)
(d)
(e)
(a) (b) (c) (d) (e)
FIG. 4: (Color online) Reaction path for the diffusion of one
and two hydrogens to the DB-wire from the adjacent dimer,
as shown in the upper panels. The color code is the same of
Fig. 1.
H atom that has diffused across the dimer and along the
wire. The barrier associated to the intrarow diffusion
is 1.44 eV. This result also shows that it would not be
easy for a H atom to diffuse along a DB wire. Even if
an extra H atom is placed in the DB wire coming from
another source the intrarow diffusion is large, amounting
to 1.36 eV, similar in value to the previous intrarow-
diffusion barrier.
Experimentally, the reported values for intrarow-
diffusion barriers are about 1.68 - 1.75 eV.30,31 These
are ∼ 0.2-eV higher than our computed value. Discrep-
ancies are probably due to the different H coverage of
the two systems compared here. Indeed, thorough com-
putations32 with different H coverages yield a 0.25-eV
difference between their computed high H-coverage and
low coverage limits.
In conclusion, our stability studies show that the dif-
fusion of hydrogen to the wire or along it is not a very fa-
vorable process, with associated energy barriers between
1 and 1.5 eV. Therefore a DB wire can be considered as a
quite stable structure when considering those lateral and
on line H surface diffusions.
IV. FINITE WIRES
In previous sections we have investigated the properties
of infinite DB-wires, which can represent the properties
of very extended wires. However, in practice we will deal
FIG. 5: (Color online) Energy differences (in meV/DB) be-
tween NM distorted and AFM configurations (upper panel),
and between FM and AFM configurations (lower panel). Re-
sults for Siesta (circles), VASP (diamonds), and from Lee et
al11 (triangles) are shown.
with shorter DB wires in which finite-size effects can be
important. Experimentally, Hitosugi et al3 constructed
wires ranging from 2 to 13 DB.
In order to investigate which are the properties of finite
wires and how they change as their size increases, we
have considered wires from 2 to 6 DB in a (4×8) unit
cell. The results are summarized in Fig. 5, and compared
with previous results from Lee et al.11
In general, we observe that the magnetic solutions are
favored for all the finite wire sizes. The AFM solution is
the most stable in all cases, although the NM-distorted
case competes more in energy as the DB-wire length is
increased. Even the FM case, which was less stable than
the ideal case for the infinite wires, is preferred to the
distorted case for the smaller cases, up to 3-DB in our
Siesta and VASP calculations, and up to 5-DB in the
ones from Lee et al.11
VASP and Siesta methods give a similar behavior,
with the results shifted by almost a constant amount.
This systematic discrepancy (less than 10 meV) is most
likely due to the different treatment of the core electrons
in both methods: PAW potentials19 for VASP and norm-
conserving pseudopotentials23 for Siesta.
In the upper panel of Fig. 5 a pronounced even-odd
oscillation is found. It can be traced back to oscillations
in the stability of NM-distorted wires. Their origin was
assigned by Lee et al to the presence of a half-filled elec-
7tronic state for the odd wires,11 which destabilize them
compared to the even ones. Actually, in our calculations
we observe that the NM-distorted solution for the odd
wires is a local minimum only if the system is forced to
be non magnetic. If spin polarization is allowed, the NM-
distorted solution is not longer stable and it evolves until
converging to the AFM solution.
The results from Lee et al agree well with ours for the
magnetic cases, but there is a discrepancy for the NM-
distorted situations. Here, our VASP and Siesta calcu-
lations predict a higher stability for the even-numbered
wires, which make the even-odd oscillations in the upper
panel of Fig. 5 more pronounced in our case. We assign
this discrepancy to the need of a thorough atomic re-
laxation. Curiously enough, the agreement is better for
the spurious NM-distorted solutions in the odd-numbered
wires.
Due to the different number of atoms in the finite wires,
even-numbered NM-distorted wires can have a lone Si
atom in the second layer that plays the role of a soliton
wall.10 The average distortion increases as we increase the
length of the wire, reaching its maximum for the infinite
one. However, the convergence is fast, and for the 6-DB
the values are very close to the infinite-wire ones. In
the AFM configuration the values for the local magnetic
moments are the same to the infinite case (0.50µB) except
at the edges, where they increase to 0.56µB .
In general, we can conclude that, for the finite wires,
the magnetic cases are more favorable than the distortion
of the lattice, probably because of the increased electronic
confinement of the system. Indeed the magnetic solutions
are the only ones for wires with an odd number of DBs.
A. Finite-wire Stability vs. hydrogen diffusion
As we did for the infinite wires, it is worth to study
the stability of the finite wires. In this case we will start
by studying the possibility of an H atom to intradimer
diffuse in the 4-DB wire, as shown in the upper panels
of Fig. 6. Our calculations show that, while the final
situation is just slightly higher in energy (0.09 eV), the
associated energy barrier is of 1.22 eV, similar to the
cases studied in Section III C.
Regarding the intrarow diffusion, when a H atom dif-
fuses from the edge of the 4-DB wire to the inside, we
obtain a barrier of 1.54 eV, also similar to the correspond-
ing value for the infinite wire.
These results are in good agreement with previous cal-
culations at different levels of H coverage on Si (001),
where a systematic larger intrarow barrier is found com-
pared to the intradimer one.30,32 Diffusion between rows
is about one eV larger than the intrarow diffusion bar-
rier29,30,32 and we can effectively neglect it as a threat to
the DB-wire stability.
Consequently, the finite wires can also be considered
as stable following this criterion.
(a)
(b)
(c)
(a) (b) (c)
FIG. 6: (Color online) Reaction path for the intradimer
diffusion of one hydrogen in the 4-DB wire, as shown in the
upper panels. The color code is the same of Fig. 1.
V. SUMMARY AND CONCLUSIONS
The present article shows the properties of quasi 1-D
wires formed by lines of dangling-bonds (DB) created by
the removal of H atoms from a monohydride Si (100)
surface. In particular, emphasis is put on their stability
and their capacity to be used in molecular-based devices.
The ideal infinite DB wire presents a narrow metallic
band and it is thus subjected to instabilities. Electron-
vibration coupling opens a gap while inducing a Peierls
distortion of the wire. Electron-electron interactions
leads to different instabilities, in particular ferromagnetic
and antiferromagnetic solutions that also open a band
gap. Hence, realistic infinite DB wires are not metallic.
According to our two calculations with different DFT-
based methods, the ground state of the infinite wire cor-
responds to the Peierls solutions, with an important de-
gree of geometrical distortion and a sizeable band gap,
approaching the bulk gap.
Wires can be considerably perturbed if H atoms move
away from neighboring passivated bonds. Our computa-
tions show that the lower diffusion barriers correspond to
intradimer diffusion with the value of 1.47 eV in excellent
agreement with experimental measurements.29 Once a H
has diffused into the wire, the barrier to diffuse a second
neighboring H atom goes down to 0.94 eV. Despite this
reduction, the large activation barriers seem to warranty
the stability of DB wires.
Actual devices will rather include finite wires. Finite
effects change the ground state of the wires from the non-
8magnetic distorted solution to the antiferromagnetic one.
The short wires behave like molecular systems with dis-
crete electronic levels that can be of great help to shape
the electronic transparency of those DB wires.
Finite wires have a larger number of neighboring H
atoms. But our study shows that the intrarow-diffusion
barrier is still very large in these systems (1.54 eV) and
the bottle neck for H diffusion is the intradimer one.
Hence, we expect DB wires to be stable against H con-
tamination.
Given the robustness of these systems against other
perturbations and contamination by neighboring atoms,
we expect short DB wires to gain importance in the cre-
ation of atomic scale devices.33
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